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BACKGROUND OF THE INVENTION 

1. FIELD OF THE INVENTION: 

The present invention relates to a character 
display apparatus and a character display method capable 
of displaying an italic character with high quality using 
a color display device, and a recording medium for use 
with such apparatus and method. 

2. DESCRIPTION OF THE RELATED ART: 

Italic characters are widely used for the purpose 
of displaying characters in an emphasized manner. 

In a conventionally-known display technique for 
displaying characters on a display device, such as a 
liquid crystal display device, a cathode ray tube display 
device, etc., a bit map which represents the shape of a 
character is displayed by units of a pixel. The bit map 
which represents the shape of a character is, for example, 
a dot font. 

The bit map defines the shape of a character by 
units of a dot. In the bit map, a dot corresponding to 
a portion of the character is represented by a bit having 
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a value "1", and a dot not corresponding to a portion of 
the character is represented by a bit having a value "O" . 
In this way, in the bit map, one dot is represented by 
information of one bit. The bit map includes bits which 
represent corresponding dots. In the present 

specification, dots represented by bits included in a bit 
map are referred to as "dots which form the bit map". 

As a conventional technique for displaying an 
italic character on a display device, a technique for 
displaying an italic character on a display device based 
on a bit map stored in a memory of a character display 
apparatus (e.g., computer) which represents the italic 
character is known. 

Figure 41 shows an example of an italic character 
displayed on a display device based on a bit map which 
represents an italic character of a character "A" of the 
English language alphabet. In Figure 41, each hatched 
box represents a pixel displaying black and each open box 
represents a pixel displaying white. 

In this conventional technique, it is necessary 
to store bit maps which represent italic characters in 
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a memory of a character display apparatus in addition to 
bit maps of normal (non- italic) characters which are 
usually stored in the character display apparatus. 

Another conventional technique for displaying an 
italic character on a display device is disclosed in 
Japanese Laid-Open Publication No. 59-60474. In this 
conventional technique, the shape of a non-italic 
character is represented by a bit map, and dots which form 
a bit map correspond to pixels of the display device in 
a one-to-one manner. In this technique, a bit map which 
represents the shape of a character is deformed by units 
of a dot (i.e., by units of a pixel) so as to generate 
a bit map which represent an italic version of the 
character, and each pixel of the display device is 
controlled between black and white based on the bit map 
which represent the italic character, whereby an italic 
character is displayed. Thus, it is not necessary to 
previously store bit maps which represent italic 
characters in a memory. 

Since dots which form a bit map that represents 
the shape of a non-italic character correspond to pixels 
of the display device in a one-to-one manner. The shape 
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of a non-italic character is defined by units of a pixel. 

Hereinafter, in the present specification, a bit 
map which defines the shape of a non- italic character or 
an italic character by units of a pixel is referred to 
as a "bit map defined by units of a pixel". A non-italic 
character is simply referred to as a "character". 

Figure 42A shows an example of a character "H" of 
the English language alphabet displayed on a display 
plane 900 of 16 pixels x 16 pixels based on a bit map 
defined by units of a pixel. In Figure 42A, each hatched 
box represents a pixel displaying black and each open box 
represents a pixel displaying white. 

Figure 42B shows an example of an italic character 
"H" of the English language alphabet displayed on the 
display plane 900 based on a bit map obtained by deforming 
the bit map of Figure 42A defined by units of a pixel. 

In the examples illustrated in Figures 42A 
and 42B, a bit map defined by units of a pixel is deformed 
according to the technique disclosed in Japanese 
Laid-Open Publication No. 59-60474 such that each of the 
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dots which form the bit map are shifted along the X 
direction by a number of dots determined based on a 
distance from the bottom of the character. In this 
deformation example, as the distance from the bottom of 
the character is increased by 3 dots, the number of dots 
by which dots are shifted is increased by 1. 

In this way, a bit map which defines the shape of 
a character by units of a pixel is deformed so as to 
generate a bit map which represents an italic character, 
whereby an italic character can be displayed on a display 
device without previously storing bit maps which 
represent italic characters in a memory. 

In the conventional technique disclosed in 
Japanese Laid-Open Publication No. 59-60474 where a bit 
map which defines the shape of a character by units of 
a pixel is deformed so as to generate a bit map which 
represents an italic version of the character, 
11 jaggedness" becomes more conspicuously in a character, 
especially in an italic character including an oblique 
line as a component of the character. As a result, the 
display quality of the italic character is deteriorated. 
In such a case, characters are difficult and unpleasant 
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to read, which imposes eye strain on an observer of the 
display device. 

Figure 43A shows an example of a character "A" of 
the English language alphabet displayed on a display 
plane 900 of 16 pixels x 16 pixels based on a bit map 
defined by units of a pixel. In Figure 43A, each hatched 
box represents a pixel displaying black and each open box 
represents a pixel displaying white. 

Figure 43B shows an example of an italic character 
"A" of the English language alphabet displayed on the 
display plane 900 based on a bit map obtained by deforming 
the bit map of Figure 43A defined by units of a pixel. 
As shown in Figure 4 3B, the display quality of the italic 
character "A" is deteriorated in an oblique line of the 
character "A" (e.g., a portion 4201). 

Figure 44A shows another example of a character 
"A" of the English language alphabet displayed on a 
display plane 900 of 16 pixels x 16 pixels based on 
another bit map defined by units of a pixel. 

Figure 44B shows another example of an italic 
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character U A" of the English language alphabet displayed 
on the display plane 900 based on a bit map obtained by 
deforming the bit map of Figure 44A. In Figure 44B also, 
the display quality of the italic character "A" is 
deteriorated in the oblique lines of the character "A" 
(e.g., portions 4301 and 4302). 

It is understood from Figures 43B and 44B that, 
according to the conventional technique, the display 
quality of a character is decreased also when the slant 
angle of an oblique line included in the character is 
changed. 

Thus, the conventional technique includes the 
above-described problem of deterioration in the display 
quality of an italic character. 

SUMMARY OF THE INVENTION 

According to one aspect of the present invention, 
a character display apparatus includes : a display device 
having a plurality of pixels; and a control section for 
controlling the display device, wherein each of the 
plurality of pixels includes a plurality of sub-pixels 
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arranged along a predetermined direction, one of a 
plurality of color elements being pre-assigned to each 
of the plurality of sub-pixels; the control section: 
acquires a first bit map which represents a basic portion 
of a character, performs predetermined conversion of the 
first bit map so as to generate a second bit map which 
represents a basic portion of an italic character, and 
sets the intensity of a color element of at least one 
specific sub-pixel corresponding to the basic portion of 
the italic character to a predetermined value based on 
the second bit map so as to display the italic character 
on the display device; dots which form the first bit map 
correspond to the plurality of sub-pixels in a one-to-one 
manner; and dots which form the second bit map correspond 
to the plurality of sub-pixels in a one-to-one manner. 

In one embodiment of the present invention, the 
intensity of each of the plurality of color elements is 
represented by a plurality of color element levels in a 
stepwise fashion; each of the plurality of sub-pixels has 
one of the plurality of color element levels; the control 
section sets a color element level of the at least one 
specific sub-pixel corresponding to the basic portion of 
the italic character to a predetermined color element 
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level; and the control section sets a color element level 
of at least one sub-pixel adjacent to the at least one 
specific sub-pixel corresponding to the basic portion of 
the italic character to a color element level different 
from the predetermined color element level. 

In another embodiment of the present invention, 
the second bit map is generated from the first bit map 
by shifting each dot forming the first bit map by a shift 
amount which is in proportion to a distance from a 
reference line running along the predetermined direction 
set in the first bit map to a dot. 

In still another embodiment of the present 
invention, the shift amount for each dot forming the first 
bit map is determined such that the shift amount is 
increased by 1 dot every time the distance from the 
reference line to a dot is increased by 1 dot. 

According to another aspect of the present 
invention, a character display method for displaying a 
character on a display device having a plurality of pixels 
wherein each of the plurality of pixels includes a 
plurality of sub-pixels arranged along a predetermined 
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direction, and one of a plurality of color elements is 
pre-assigned to each of the plurality of sub-pixels, the 
character display method comprising steps of : acquiring 
a first bit map which represents a basic portion of a 
character; performing predetermined conversion on the 
first bit map so as to generate a second bit map which 
represents a basic portion of an italic character; and 
setting the intensity of a color element of at least one 
specific sub-pixel corresponding to the basic portion of 
the italic character to a predetermined value based on 
the second bit map so as to display the italic character 
on the display device, wherein dots which form the first 
bit map correspond to the plurality of sub-pixels in a 
one-to-one manner, and dots which form the second bit map 
correspond to the plurality of sub-pixels in a one-to-one 
manner. 

According to still another aspect of the present 
invention, a recording medium which can be read by an 
information display apparatus including a display device 
having a plurality of pixels and a control section for 
controlling the display device wherein each of the 
plurality of pixels includes a plurality of sub-pixels 
arranged along a predetermined direction, and one of a 
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plurality of color elements is pre-assigned to each of 
the plurality of sub-pixels, the recording medium storing 
a program which allows the control section to execute a 
process including steps of: acquiring a first bit map 
5 which represents a basic portion of a character; 
performing predetermined conversion on the first bit map 
so as to generate a second bit map which represents a basic 

ass 

C3 portion of an italic character; and setting the intensity 

n 

B p of a color element of at least one specific sub-pixel 

41 10 corresponding to the basic portion of the italic character 

nj to a predetermined value based on the second bit map so 

«% as to display the italic character on the display device, 

' f = % wherein dots which form the first bit map correspond to 

L 

the plurality of sub-pixels in a one-to-one manner, and 
i%5 15 dots which form the second bit map correspond to the 

plurality of sub-pixels in a one-to-one manner. 



Hereinafter, functions of the present invention 
will be described. 

20 

According to the present invention, a bit map 
(basic portion data) which represents a basic portion of 
a character is acquired, and conversion ( italicization 
processing) is performed on the bit map so as to acquire 
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a bit map which represents a basic portion of an italic 
version of the character. Dots which form the basic 
portion data of the italic character correspond to 
sub-pixels of a display device in a one-to-one manner. 
The italicization processing itself is achieved with high 
definition. Thus, the italic character can be displayed 
with high quality. 

According to the present invention, the color 
element level of at least one specific sub-pixel 
corresponding to a basic portion of an italic character 
is set to a predetermined color element level, and the 
color element level of at least one sub-pixel adjacent 
to the at least one specific sub-pixel corresponding to 
the basic portion of the italic character is appropriately 
controlled. In this way, colors of the italic character 
other than black can be made less conspicuous to the human 
eye, and accordingly, jaggedness which may be generated 
in the basic portion of the italic character can be made 
less conspicuous to the human eye. 

Thus, the invention described herein makes 
possible the advantages of (1) providing a character 
display apparatus and a character display method which 
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can display italic characters with high definition, and 
(2) providing a recording medium for use with such a 
character display apparatus and character display method. 

5 These and other advantages of the present 

invention will become apparent to those skilled in the 
art upon reading and understanding the following detailed 
description with reference to the accompanying figures. 

10 BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 schematically illustrates a display 
plane 400 of a display device 10 (Figures 3 and 30) which 
can be used with a character display apparatus of the 
15 present invention. 

Figure 2A shows a rectangular box 221 enclosing 
a character "A" . Figure 2B shows a parallelogramic 
box 222 containing an italic version of the character "A" . 

20 

Figure 3 illustrates a structure of a character 
display apparatus la according to embodiment 1 of the 
present invention . 
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Figure 4 shows an example of basic portion data 
included in character data 42a, 

Figure 5 shows another example of the basic 
portion data included in the character data 42a. 

Figure 6 shows still another example of the basic 
portion data included in the character data 42a. 

Figure 7 illustrates a procedure for processing 
an italic character display program 41a. 

Figure 8 is a flowchart illustrating the details 
of italicization processing at step S103 of Figure 7. 

Figure 9 shows italicized basic portion data 
obtained by performing italicization processing on the 
basic portion data shown in Figure 4 . 

Figure 10 shows italicized basic portion data 
obtained by performing italicization processing on the 
basic portion data shown in Figure 5. 

Figure 11 shows italicized basic portion data 
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obtained by performing italicization processing on the 
basic portion data shown in Figure 6. 

Figure 12 illustrates a procedure for generating 
basic portion data from a bit map defined by units of a 
pixel. 

Figure 13 shows a portion of a bit map defined by 
units of a pixel which represents a character. 

Figure 14 shows a portion of a display plane of 
the display device 10. 

Figure 15A shows an example of eight 
neighborhoods around a current bit D(x,y) in the bit map 
defined by units of a pixel. 

Figure 15B shows sub-pixels defined as sub-pixels 
for the basic portion based on a basic portion definition 
rule when the eight neighborhood bits around the bit 
D(x,y) have the values shown in Figure 15A. 

Figure 16A shows another example of eight 
neighborhoods around a current bit D(x,y) in the bit map 
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defined by units of a pixel. 

Figure 16B shows sub -pixels defined as sub-pixels 
for the basic portion based on a basic portion definition 
rule when the eight neighborhood bits around the bit 
D(x,y) have the values shown in Figure 16A. 

Figure 17A shows still another example of eight 
neighborhoods around a current bit D(x,y) in the bit map 
defined by units of a pixel. 

Figure 17B shows sub-pixels defined as sub-pixels 
for the basic portion based on a basic portion definition 
rule when the eight neighborhood bits around the bit 
D(x,y) have the values shown in Figure 17A. 

Figure 18 shows all " 1" /" 0" arrangement patterns 
of the eight neighborhood dots around the current 
bit D(x,y) . 

Figure 19 illustrates a structure of character 
outline information. 

Figure 20 is a flowchart illustrating a procedure 
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for generating basic portion data from character outline 
information. 



Figure 21 illustrates font data of a Japanese 
character " " which is designed based on the basic portion 
of the character u " with the ideal outline of the 
character " fc* w being superimposed thereon. 

Figure 22 shows a structure of skeleton data. 



Figure 23 illustrates an example of skeleton 
data 3042d representing the skeleton shape of a Chinese 
character " " • 

Figure 24 illustrates an example of the skeleton 
data 3042d representing the skeleton shape of the Chinese 
character "^fc" as shown on a coordinate plane. 

Figure 25 illustrates a procedure for generating 
basic portion data from skeleton data. 



Figure 26 illustrates a structure of a character 
display apparatus lb according to embodiment 2 of the 
present invention . 



- 18 - 



01R00505 



Figure 27 shows a standard brightness table 92 
which is an example of a brightness table 42o stored in 
an auxiliary storage apparatus 40 of the character 
display apparatus lb. 

Figure 28 illustrates a correction table 90 as an 
example of a correction table 42b stored in the auxiliary 
storage apparatus 40. 

Figure 29 is a flowchart illustrating the 
procedure of an italic character display program 41b. 

Figure 30 shows a setting example of the color 
element level of sub-pixels corresponding to a basic 
portion of an italic character "A" of the English language 
alphabet . 

Figure 31 shows a setting example of the color 
element level of sub-pixels in the vicinity of the 
sub-pixels corresponding to a basic portion of the italic 
character U A U . 

Figure 32 shows an example of the color element 
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level arrangement of sub-pixels corresponding to a basic 
portion of an italic character "H M of the English language 
alphabet and sub-pixels arranged in the vicinity of the 
sub-pixels corresponding to the basic portion of the 
italic character "H" . 

Figure 33 shows an example of the color element 
level arrangement of sub-pixels corresponding to a basic 
portion of an italic character M A" and sub-pixels arranged 
in the vicinity of the sub-pixels corresponding to the 
basic portion of the italic character "A" . 

Figure 34 shows a correction table 94 as another 
example of the correction table 42b stored in the 
auxiliary storage apparatus 40. 

Figures 35A and 35B illustrate how to determine 
the color element level for sub-pixels arranged adjacent 
to the left side of a sub-pixel which corresponds to the 
basic portion of the italic character. 

Figures 36A and 36B illustrate how to determine 
the color element level for sub-pixels arranged adjacent 
to the right side of a sub-pixel which corresponds to the 
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basic portion of the character. 

Figure 37A shows a portion of a basic portion of 
a character . 

Figure 37B shows a portion of a basic portion of 
an italic character which is obtained by deforming the 
basic portion of the character shown in Figure 37A by 
italicization processing. 

Figure 37C shows an color level setting where the 
color element level of sub-pixels corresponding to the 
basic portion of the italic character shown in Figure 37B 
is set to level 7 , and the color element level of 
sub-pixels present in the vicinity of the sub-pixels 
corresponding to the basic portion is set based on the 
correction table 94 (Figure 34). 

Figure 38 shows italicized basic portion data 
obtained by performing italicization processing on the 
basic portion data shown in Figure 4. 

Figure 39 shows an example of the color element 
level arrangement of sub-pixels corresponding to the 
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basic portion of the italic character and sub-pixels 
present in the vicinity of the sub-pixels corresponding 
to the basic portion of the italic character, which is 
determined based on the italicized basic portion data 
shown in Figure 38 . 

Figure 40 shows another example of the color 
element level arrangement of sub-pixels present in the 
vicinity of the sub-pixels corresponding to the basic 
portion of the italic character. 

Figure 41 shows an example of an italic character 
displayed on a display device based on a bit map which 
represents an italic version of a character "A" of the 
English language alphabet . 

Figure 42A shows an example of a character "H" of 
the English language alphabet displayed on a display 
plane 900 of 16 pixels x 16 pixels based on a bit map 
defined by units of a pixel. 

Figure 42B shows an example of an italic character 
"H" displayed on the display plane 900 based on a bit map 
obtained by deforming the bit map of Figure 42A defined 
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by units of a pixel. 

Figure 43A shows an example of a character "A" of 
the English language alphabet displayed on a display 
plane 900 of 16 pixels x 16 pixels based on a bit map 
defined by units of a pixel. 

Figure 43B shows an example of an italic character 
"A" displayed on the display plane 900 based on a bit map 
obtained by deforming the bit map of Figure 43A defined 
by units of a pixel. 

Figure 44A shows another example of the character 
"A" displayed on a display plane 900 of 16 pixels x 
16 pixels based on another bit map defined by units of 
a pixel. 

Figure 44B shows another example of the italic 
character "A" displayed on the display plane 900 based 
on a bit map obtained by deforming the bit map of 
Figure 44A. 



DESCRIPTION OF THE PREFERRED EMBODIMENTS 
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First, the character deformation principle of the 
present invention will be described. In the present 
invention, "deformation of a character" means performing 
a predetermined conversion on a bit map which represent 
a non-italic character so as to acquire a bit map which 
represents an italic version of the character. The 
character deformation principle is commonly used in all 
embodiments to be described below. In this specification, 
a "character" includes a pictorial symbol, a symbol, a 
numerical character, etc. 

Figure 1 schematically illustrates a display 
plane 400 of a display device 10 (Figures 3 and 30) which 
can be used with the character display apparatus of the 
present invention. The display device 10 includes a 
plurality of pixels 12 which are arranged along the X and 
Y directions. Each of the pixels 12 includes a plurality 
of sub-pixels which are arranged along the X direction. 
In the example illustrated in Figure 1, each pixel 12 
includes three sub-pixels 14R, 14G and 14B. 

The sub-pixel 14R is pre-assigned to a color 
element R so as to output color R (red). The sub- 
pixel 14G is pre-assigned to a color element G so as to 



- 24 - 



01R00505 



output color G (green). The sub-pixel 14B is pre- 
assigned to a color element B so as to output color B 
(blue) . 

The brightness of each of the sub-pixels 14R, 14G 
and 14B is represented by a value ranging from 0 to 255 , 
for example. When each of the sub-pixels 14R, 14G and 
14B may independently take a value ranging from 0 to 255 
which represents a brightness level, it is possible to 
display about 16,700,000 (=256x256x256) different 
colors . 

In the above-described conventional technique, 
dots of a bit map which defines a character by units of 
a pixel correspond to pixels of a display device in a 
one-to-one manner. Thus, deformation of the bit map is 
performed by units of a pixel in order to generate a bit 
map which represents an italic character. 

On the other hand, according to the present 
invention, dots of a bit map correspond to sub-pixels of 
a display device in a one-to-one manner. Thus, 
deformation of the bit map is performed by units of a 
sub-pixel in order to generate a bit map which represents 
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an italic character. In a bit map used in the present 
invention, one dot corresponds to one sub-pixel. In such 
a bit map, a basic portion of the character is defined 
by units of a sub-pixel. Hereinafter, a bit map which 
defines a basic portion of a character by units of a 
sub-pixel is referred to as "basic portion data" . 

Figure 2A shows a rectangular box 221 enclosing 
a character "A" . The rectangular box 221 circumscribes 
a group of all the dots which form a bit map that represents 
the character "A" . 

Figure 2B shows a parallelogramic box 222 
containing an italic version of the character "A" . The 
parallelogramic box 222 circumscribes a group of all the 
dots which form a bit map that represents the italic 
character "A" . 

According to the present invention, each dot 
included in a bit map which represents a character is 
shifted along the X-direction by a certain amount, in 
order to generate a bit map which represents an italic 
version of the character. For example, a dot 227 of the 
bit map which represents the character "A" corresponds 
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to a dot 228 of the bit map which represents an italic 
version of the character "A" . The shifted amount of the 
dot 227 is x s . Since both the character "A" and the italic 
version thereof are represented by the bit maps, the value 
of the shift amount x s can be set by units of one dot. In 
the present invention, one dot corresponds to one 
sub-pixel, whereas in the conventional technique, one dot 
corresponds to one pixel. 

As shown in Figure 1, the display plane 400 
includes the plurality of pixels 12. Each of the 
pixels 12 includes the plurality of sub-pixels (14R, 14G 
and 14B) which are arranged along the X direction (a 
predetermined direction). That is, the direction along 
which the sub-pixels are arranged and the direction along 
which each dot is shifted for generating a bit map that 
represents an italic character are the same direction 
(X-direction) . Thus, the resolution for determining the 
shift amount x s is high in comparison to the conventional 
technique. Thus, in the present invention, the shift 
amount x s can be determined with high resolution, and an 
italic character can be displayed with high quality. 

The slant of an italicized character is defined 
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according to a expression, tan0=x x /yi (Figure 2B). As 
the degree of the slant of the character becomes larger, 
the degree of deformation of the italicized character 
becomes larger. In consideration of the readability of 
an italic character, a preferable slant of the italic 
character is 1/3. 

Hereinafter, embodiments of the present invention 
will be described with reference to the drawings. 

(Embodiment 1) 

Figure 3 illustrates a structure of a character 
display apparatus la according to Embodiment 1 of the 
present invention. The character display apparatus la 
may be, for example, a personal computer. Such a personal 
computer may be of any type such as a desktop type or lap 
top type computer. Alternatively, the character display 
apparatus la may be a word processor. 

Moreover, the character display apparatus la may 
alternatively be any other information display apparatus 
incorporating a color display device, such as an 
electronic apparatus or information apparatus . For 
example, the character display apparatus la may be an 
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electronic apparatus incorporating a color liquid crystal 
display device, a portable information terminal which is 
a portable information tool, a portable phone including 
a PHS, a general-purpose communication apparatus such as 
a telephone/FAX, or the like. 

The character display apparatus la includes the 
display device 10 capable of performing a color display, 
and a control section 20 for independently controlling 
a plurality of color elements respectively corresponding 
to a plurality of sub-pixels included in the display 
device 10. The control section 20 is connected to the 
display device 10, an input device 30 and an auxiliary 
storage apparatus 40. 

The input device 30 is used to input to the control 
section 20 character information representing a 
character to be displayed on the display device 10, 
including character information representing a character 
to be displayed as an italic character. For example, the 
character information may include: a character code for 
identifying the character; a character size indicating 
the size of the character; and the slant of the character. 
The input device 30 may be any type of input device through 
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which the character code, the character size, and the 
character slant can be input. For example, a keyboard, 
a mouse or a pen-type input device may suitably be used 
as the input device 30. 

The auxiliary storage apparatus 40 stores an 
italic character display program 41a and data 42 which 
is required to execute the italic character display 
program 41a. The data 42 includes character data 42a 
which defines the shape of a character. The character 
data 42a includes, for example, a bit map (basic portion 
data) which defines a basic portion of a character by units 
of a sub-pixel. The auxiliary storage apparatus 40 may 
be any type of storage apparatus capable of storing the 
italic character display program 41a and the data 42. 
Any type of recording medium may be used in the auxiliary 
storage apparatus 40 for storing the italic character 
display program 41a and the data 42. For example, a hard 
disk, CD-ROM, MO, MD, DVD, IC card, optical card, etc., 
may suitably be used as the auxiliary storage 
apparatus 40. 

The present invention is not limited to 
applications where the italic character display 
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program 41a and the data 42 are stored on a recording 
medium in the auxiliary storage apparatus 40. For 
example, the italic character display program 41a and the 
data 42 may alternatively be stored in a main memory 22 
or in a ROM (not shown) . For example, such a ROM may be 
a mask ROM, EPROM, EEPROM, flash ROM, or the like. In 
such a ROM-based system, it is possible to realize various 
types of processing only by switching one ROM to another. 
For example, the ROM-based system may suitably be used 
when the character display apparatus la is a portable 
terminal apparatus or a portable phone. 

The recording medium for storing the italic 
character display program 41a and the data 42 may be those 
which carry a program and/or data in a fixed manner such 
as the disk or card type storage apparatus or a 
semiconductor memory, as well as those which carry a 
program and/or data in a flexible manner such as a 
communication medium used for transferring a program 
and/or data in a communication network. When the 
character display apparatus la is provided with means for 
connecting to a communication line, including the 
Internet, the italic character display program 41a and 
the data 42 may be downloaded from the communication line. 
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In such a case, a loader program required for the download 
may be either pre- stored in a ROM (not shown) or installed 
from the auxiliary storage apparatus 40 into the control 
section 20. 

An italic character display program 41b, which 
will be described later, is processed in the same manner 
as the italic character display program 41a. 

The control section 20 includes a CPU 21 and the 
main memory 22. 

The CPU 21 controls and monitors the entire 
character display apparatus la, and also executes the 
italic character display program 41a stored in the 
auxiliary storage apparatus 40. 

The main memory 22 temporarily stores data which 
has been input through the input device 30, data to be 
displayed on the display device 10, or data which is 
required to execute the character display program 41a. 
The main memory 22 is accessed by the CPU 21. 

The CPU 21 generates a character pattern by 



- 32 - 



01R00505 



executing the character display program 41a based on 
various data stored in the main memory 22. The generated 
character pattern is once stored in the main memory 22 
and then output to the display device 10 . The timing at 
which the character pattern is output to the display 
device 10 is controlled by the CPU 21. 

The display device 10 may be a color liquid 
crystal display device, for example. The color liquid 
crystal display device may be a transmission type liquid 
crystal display device, which is widely used in personal 
computers, or the like, as well as a reflection type or 
rear projection type liquid crystal display device. 
However, the display device 10 is not limited to those 
color liquid crystal display devices. The display 
device 10 may be any color display apparatus including 
a plurality of pixels which are arranged along the X and 
Y directions (so-called "X-Y matrix display apparatus" ) . 

Moreover, the number of sub-pixels included in 
each pixel 12 is not limited to three. The pixel 12 may 
include a plurality of sub-pixels arranged in a 
predetermined direction. For example, when N color 
elements are used to represent a color, each pixel 12 may 
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include N sub-pixels. 

The order of arrangement of the sub-pixels 14R, 
14G and 14B is not limited to that illustrated in Figure 1. 
For example, the sub -pixels may be arranged in the order 
of B, G, R along the X direction. 

Furthermore, the group of color elements for use 
with the present invention is not limited to R (red), G 
(green), B (blue). Alternatively, the color elements may 
be C (cyan), Y (yellow), M (magenta). 

Figure 4 shows an example of basic portion data 
included in the character data 42a. In the example 
illustrated in Figure 4, each hatched box represents a 
dot corresponding to a basic portion of a character "H" 
of the English language alphabet . Each of the hatched 
boxes and open boxes represents one of the dots which form 
the basic portion data, and corresponds to one sub-pixel 
on the display plane 400. 

The "basic portion" of a character or italic 
character refers to a portion of the character (or italic 
character) which must be necessarily displayed when the 
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character (or italic character) is displayed on the 
display device. The basic portion of the character is, 
for example, a portion corresponding to a core of the 
character. 

Figure 5 shows another example of the basic 
portion data included in the character data 42a. In the 
example illustrated in Figure 5, each hatched box 
represents a dot corresponding to a basic portion of a 
character "A" of the English language alphabet. 

Figure 6 shows still another example of the basic 
portion data included in the character data 4 2a. In the 
example illustrated in Figure 6, each hatched box 
represents a dot corresponding to a basic portion of a 
character "A" of the English language alphabet. 

Figure 7 illustrates a procedure for processing 
the italic character display program 41a. The italic 
character display program 41a is executed by the CPU 21. 
Each step in the procedure for processing the display 
program 41a will now be described with reference to 
Figure 7 in conjunction with Figure 3. 
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Step S101: A character code, a character size , and 
a character slant are input from the input device 30 to 
the main memory 22. For example, in order to display a 
character "A" on the display device 10, a character code 
"0x41" is input. Such an input is achieved, for example, 
by a user depressing an "A" key on a keyboard, for example. 
For example, the character size is represented by the 
number of pixels along the horizontal direction and the 
number of pixels along the vertical direction of a 
character to be displayed. The character size is, for 
example, 16 pixels x 16 pixels. The degree of the slant 
is, for example, 1/3. 

Step S102: Basic portion data (first bit map) for 
one character corresponding to the input character code 
and character size is acquired, and stored in the main 
memory 22. When the number of pixels specified in the 
character size input at step S101 is 16 pixels both along 
the X-direction and Y-direction, the number of sub-pixels 
along the X-direction is 48, and the number of sub-pixels 
along the Y-direction is 16. Since the dots which form 
the basic portion data correspond to the sub-pixels in 
a one-to-one manner, the basic portion data acquired at 
step S102 has a size of 48 dots (X-direction) x 16 dots 
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( Y-direction) . 

The basic portion data is included in the 
character data 42a, and acquired by reading from the 
auxiliary storage apparatus 40. 

Step S103: The basic portion data is subjected to 
predetermined conversion ( italicization processing) 
according to the slant degree of the character so as to 
obtain italicized basic portion data (second bit map). 
Details of step S103 will be described later with 
reference to Figure 8. The italicized basic portion data 
represents a basic portion of an italic character. The 
dots which form the italicized basic portion data 
correspond to the sub-pixels in a one-to-one manner. 

Step S104: The brightness level of a sub-pixel 
corresponding to the basic portion of the italic character 
is set to a predetermined brightness level. The 
predetermined brightness level is, for example, 
brightness level "0". The brightness level of a sub- 
pixel not corresponding to the basic portion of the italic 
character is set to a default brightness level (for 
example, brightness level "255"). 
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Step S105: Brightness data (character pattern) 
which indicates the brightness levels of the sub-pixels 
is transferred to the display device 10. Based on the 
brightness data, the brightness level on the display 
device 10 is controlled by units of a sub-pixel. 

Figure 8 is a flowchart illustrating the details 
of the italicization processing at step S103. Each step 
in the italicization processing will now be described with 
reference to Figure 8. 

Step S201: The number of lines is set for a 
variable k. Herein, the "number of lines" means the 
number of dots of the basic portion data of a character 
along the vertical direction (Y-direction) . "Line" 
means a one-dimensional arrangement of dots along the 
horizontal direction (X-direction ) . The number of lines 
is, for example, 16. 

Step S20 2: The slant degree of the character is 
set for a variable d. 

Step S203: A value "1" is set for a variable n. 
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The variable n indicates that the n-th line from the 
bottom of the character is to be subjected to shift 
processing for italicization. 

Step S204 : A value obtained using following 
expression (1) is set for a variable s, 

s = int(3xdx(n-l) ) ..,(1), 

where the function "int(x) M represents a number obtained 
by removing a decimal part from an argument x. The 
coefficient "3" in expression (1) corresponds to the 
number of sub-pixels included in the pixel 12 (Figure 1) 
in this exemplary case. 

Step S205 : Each dot included in the n-th line from 
the bottom of the character is shifted by s dots along 
the X-direction towards the right-hand side (of Figure 4, 
for example) . 

As apparent from expression (1), the variable s 
is an integer. The number of dots by which each dot is 
shifted can be set by units of one dot. Since one dot 
of the basic portion data corresponds to one sub -pixel. 
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the number of dots by which each dot is shifted can be 
set by units of one sub-pixel. 

Step S206: The value of the variable n is 
5 incremented by 1 . 

Step S207: Whether or not the value of the 
O variable n is greater than the value of the variable k 

ji is determined. If the determination at step S207 is "Yes" , 

Pi 

3 10 the processing terminates. Determination of "Yes" at 

Jli step S207 means that the processing from step S204 to 

f* % step S207 has been performed on all of the lines of the 

f z % basic portion data. 

Jij If the determination at step S207 is "No", the processing 

ru 15 returns to step S204. 

Figure 9 shows italicized basic portion data 
obtained by performing the above italicization processing 
on the basic portion data shown in Figure 4. In the 
20 example illustrated in Figure 9, each hatched box 
represents a dot corresponding to a basic portion of an 
italic character "H" . 



The arrangement of dots in a line 461 is the same 
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as that in a line 451 in Figure 4 (i.e. , the shift amount 
is 0) . The arrangement of dots in a line 462 is obtained 
by shifting each of the dots in a line 452 of Figure 4 
by 2 dots along the X-direction towards the right-hand 
5 side (positive X-direction) . The arrangement of dots in 
a line 463 is obtained by shifting each of the dots in 
a line 453 of Figure 4 by 11 dots along the X-direction 
f=i towards the right-hand side. 

-;f 10 In the basic portion data (first bit map) shown 

rij 

in Figure 4, a line 411 running through a center of the 

s -zx 

!L dots in the line 451 , in which the shift amount is 0, along 

the X-direction is a reference line. In this example, 
*0 it is understood that each of the dots which form the basic 

§U 15 portion data is shifted by a shift amount determined in 

proportion to the distance between the reference line> 411 
and each dot, whereby the italicized basic portion data 
(second bit map) shown in Figure 9 can be obtained. 

20 In the example illustrated in Figures 4 and 9, the 

shift amount for each dot included in the basic portion 
data shown in Figure 4 increases by 1 dot every time the 
distance from the reference line 411 increases by 1 dot. 
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For example, the distance between a dot included 
in the line 452 (Figure 4) and the reference line 411 is 
2 dots . Accordingly, the shift amount of the dot included 
in the line 452 is 2 dots. The distance between a dot 
included in the line 453 (Figure 4) and the reference 
line 411 is 11 dots. Accordingly, the shift amount of 
the dot included in the line 453 is 11 dots. Herein, the 
distance between a dot and the reference line means a 
distance between the center of the dot and the reference 
line . 

In the example illustrated in Figure 4, the 
reference line 411 runs through a center of the dots in 
the lowermost line of the basic portion data, but the 
position of the reference line is not limited thereto. 
The reference line can be set to any position so long as 
it runs along the X-direction. 

Figure 10 shows italicized basic portion data 
obtained by performing the italicization processing on 
the basic portion data shown in Figure 5. In the example 
illustrated in Figure 10, each hatched box represents a 
dot corresponding to a basic portion of an italic 
character "A" . 
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Figure 11 shows italicized basic portion data 
obtained by performing the italicization processing on 
the basic portion data shown in Figure 6. In the example 
illustrated in Figure 11, each hatched box represents a 
dot corresponding to a basic portion of an italic 
character "A" . The example of Figure 11 is different from 
the example of Figure 10 in the degree of the oblique lines 
of the character M A" . 

The results of the brightness level on the display 
device 10 controlled based on the italicized basic 
portion data shown in Figures 9 through 11 are not shown. 
This is because one dot of each of the italicized basic 
portion data shown in Figures 9 through 11 corresponds 
to one sub -pixel of the display device 10, and thus, the 
results of the brightness level on the display device 10 
controlled based on the italicized basic portion data 
shown in Figures 9 through 11 are the same as the 
illustrations of the italicized basic portion data shown 
in Figures 9 through 11, respectively. 

Comparing Figures 9 through 11 with Figures 42B, 
43B, and 44B, it is understood that the present invention 



- 43 - 



01R00505 



provides an effect of displaying an italic character with 
high quality. From Figures 10 and 11 , it is understood 
that such an effect of the present invention can be 
similarly obtained even when the slant degree of the 
oblique lines of the character "A" are changed. In the 
example illustrated in Figures 9 through 11 , the 
character slant is set to 1/3. 

Each of the basic portion data shown in Figures 4 
through 6 has a blank space at the right-hand side in 
consideration of italicization processing . However, the 
basic portion data does not need to have a blank space 
in consideration of italicization processing. For 
example, the basic portion data shown in Figure 4 
demarcates a region 458, and the region 458 includes a 
large blank space. However, the basic portion data may 
demarcate its area such that the blank portion is 
minimized. For example, the basic portion data may 
demarcate a region 454 (Figure 4). By demarcating the 
region such that the blank space is minimized, the number 
of dots which form the basic portion data is reduced, and 
accordingly, the amount of data can be reduced. After 
the italicization processing has been performed on the 
basic portion data, if a demarcated region of the 
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italicized basic portion data does not have a sufficient 
size such that the basic portion of an italic character 
can be defined within the demarcated region, the 
demarcated region is expanded such that the basic portion 
of the italic character can be defined within the expanded 
demarcated region. 

In the example illustrated in Figure 7, the 
acquisition of the basic portion data at step S102 is 
achieved by reading the basic portion data included in 
the character data 42a stored in the auxiliary storage 
apparatus 40. However, a method for acquiring the basic 
portion data is not limited to such an example. As well 
as the method for reading from the auxiliary storage 
apparatus 40, the acquisition of the basic portion data 
can be achieved by using, for example, any of the following 
acquisition methods (1) to (3): 

(1) A method for generating basic portion data from a bit 
map defined by units of a pixel; 

(2) A method for generating basic portion data from 
character contour information which represents the 
outline of a character; and 
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(3) A method for generating basic portion data from stroke 
data which represents stroke information of a character. 

Hereinafter, each of methods (1) to (3) is 
described. 

First, method (1) for generating basic portion 
data from a bit map defined by units of a pixel is described 
with reference to Figures 12 through 18. 

Figure 12 illustrates a procedure for generating 
basic portion data from a bit map defined by units of a 
pixel. This processing is executed by the CPU 21 during 
the processing at step S102 (Figure 7) . Each step in the 
procedure for generating basic portion data from a bit 
map defined by units of a pixel will now be described. 
For example, the bit maps previously described with 
reference to Figures 42A, 43A, and 44A may be used. 

Step S1001: A bit map for one character defined 
by units of a pixel which corresponds to the character 
code and character size of the character input at 
step S101 (Figure 7) is stored in the main memory 22. 
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This bit map defined by units of a pixel is included in 
the character data 42a stored in the auxiliary storage 
apparatus 40 . 

Step S1002: It is determined whether or not each 
bit which forms the bit map defined by units of a pixel 
is "1". If "Yes" at Step S1002, the process proceeds to 
Step S1003. If "No" at Step S1002, the process proceeds 
to Step S1005. 

Step S1003: A "lV'O" arrangement pattern of bits 
located in the vicinity of a current bit is examined. 

Step S1004: Among sub-pixels included in the 
pixel corresponding to the current bit, a sub-pixel 
corresponding to a basic portion of the character is 
defined based on the u l n / w 0 u arrangement pattern of the 
bits located in the vicinity of the current bit. This 
determination of a sub-pixel corresponding to a basic 
portion is achieved according to a predetermined basic 
portion definition rule. This basic portion definition 
rule will be described later with reference to Figures 15A, 
15B, 16A, 16B, 17A, and 17B. 
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Step S1005: It is determined whether 
steps S1002-S1004 have been performed for all of the bits 
which form the bit map defined by units of a pixel. If 
"No" at step S1005, the process returns to step S1002. 
5 If "Yes" at step S1005, the process terminates. 

Figure 13 shows a portion of a bit map defined by 

H- 

P units of a pixel which represents a character. D(x,y) 

O 

-£ is a current bit. In this example, a bit in the vicinity 

£3 

*p 10 of the current bit, D(x+a,y+b) , is represented as N(a,b) . 

Cfl 

fli Figure 13 shows eight vicinal bits which are vertically, 

p horizontally, or diagonally adjacent to the current bit 

□ D(x,y), i.e., N( -1,-1), N( 0,-1), N( 1,-1), N(- 1,0), N( 1,0), 

Jij N( -1, 1) , N(0, 1) , and N(l,l). These eight vicinal bits 

Pi 

15 are referred to as "eight neighborhoods". It should be 
noted that the bit map defined by units of a pixel which 
is used in the present invention contains binary data, 
i.e., each bit which forms the bit map defined by units 
of a pixel has a value of "1" or "0" . A bit having a value 

20 of "1" corresponds to a black area of a character. A bit 
having a value of "0" corresponds to a white area of the 
character. The bits N(a,b) and D(x,y) each have a value 
of "1" 
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Figure 14 shows a portion of a display plane of 
the display device 10. P(x,y) is a pixel on the display 
plane. The bit D(x,y) of Figure 13 is assigned to the 
pixel P(x,y ) . The pixel P(x,y ) includes three sub-pixels , 
C(3x,y), C(3x+l,y), and C(3x+2,y). When the bit D(x,y) 
has a value of "1", among the three sub-pixels, C(3x,y), 
C(3x+l,y), and C(3x+2,y), a sub-pixel for the basic 
portion is defined according to the basic portion 
definition rule. When the bit D(x,y) has a value of "0", 
none of the three sub-pixels is defined as a sub-pixel 
for the basic portion. 

According to the basic portion definition rule, 
whether or not each of the three sub -pixels included in 
the pixel P(x,y) is defined as a sub-pixel for the basic 
portion depends on the "0"/"l u arrangement of the bits 
N(a,b) in the vicinity of the bit D(x,y) assigned to the 
pixel P(x,y). The basic portion definition rule is now 
described. In the below description, it is assumed that 
the bit D(x,y) has a value of "1". 

Figure 15A shows an example of eight 
neighborhoods around the current bit D(x,y) in the bit 
map defined by units of a pixel. In the following 
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description , a bit N(a,b) which has a value of "1" is 
represented as "N(a,b)=l n . For example, in Figure 15A, 
N(0,-1)=N(1,1)=1, and N ( 1 , 0 ) =N( 0,1) =N( -1,1) =N( - 1 , 0 ) =0 . 
In Figure 15A, bits N(-l,-l) and N( 1 , -1 ) indicated by 
" ^" each have any value of "0" and "1". Similarly in 
Figures 16A and 17A, a bit indicated by " " has any value 
of "0 M and "1" . These bits are not considered in the basic 
portion definition rule. 

Figure 15B shows sub-pixels defined as sub-pixels 
for the basic portion based on the basic portion 
definition rule when the eight neighborhood bits around 
the bit D(x,y) have values shown in Figure ISA. A 
pixel P(x,y) on the display screen which is assigned to 
the bit D(x,y) includes three sub-pixels, C(3x,y), 
C(3x+l,y), and C(3x+2,y). Among these sub-pixels shown 
in Figure 15B, a sub-pixel labeled with "1" is defined 
as a sub-pixel for the basic portion, and sub-pixels 
labeled with "0" are not defined as a sub-pixel for the 
basic portion. That is, the sub-pixel C(3x+2,y) is 
defined as a sub-pixel for the basic portion, and the 
sub-pixels C(3x,y) and C(3x+l,y) are not defined as a 
sub-pixel for the basic portion. 
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The basic portion definition rule described with 
reference to Figures 15A and 15B can be represented by 
using logical expressions. 

In the following description , when logical 
values A and B are given, for example, "A*B" denotes a 
logical AND of the logical values A and B, "!A" denotes 
a logical NOT of the logical value A. When this rule is 
applied, in the case where the eight neighborhood bits 
around the bit D(x,y) have the values shown in Figure ISA , 
logical expression (2) is satisfied: 

N(0,-1)*!N(-1,0)*!N(1,0)*!N(-1,1)*!N(0,1)*N(1,1)=1 

...(2). 

Furthermore, the above process in which the sub-pixel 
C(3x+2,y) (Figure 15B) is defined as a sub-pixel for the 
basic portion and the sub-pixels C(3x,y) and C(3x+l,y) 
are not defined as a sub-pixel for the basic portion can 
be represented by expressions (3): 

C(3x,y)=0, C(3x+l,y)=0, C(3x+2,y)=l ...(3). 

The "basic portion" of a character refers to a 
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portion of a character which must be necessarily displayed 
when the character is displayed on the display device. 
If a central portion of each stroke included in the 
character is a portion which must be necessarily displayed 
when the character is displayed, the basic portion must 
be defined by an estimation because the bit map defined 
by units of a pixel does not include information about 
the strokes. The basic portion cannot be estimated from 
only information on the current bit D(x,y) but can be 
estimated from information on the bits located in the 
vicinity of the current bit D(x,y). For example, from 
the bit map defined by units of a pixel which is shown 
in Figure 15A # it is estimated that the stroke is a curve 
which passes through a region corresponding to the bits 
N(0,-1), D(x,y), and N( 1,1) ( shown by a broken line 1301 
in Figure 15A) . As indicated, this curve is considered 
to pass through the right side of the region corresponding 
to the bit D(x,y). Thus, referring to Figure 15B, the 
sub-pixel C(3x+2,y) included in the right side of the 
pixel P(x,y) assigned to the bit D(x,y) is defined as a 
sub-pixel of the basic portion. 

The basic portion definition rule is generated 
based on the above estimation. The generated basic 
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portion definition rule is represented by the above 
logical expressions . and used at step S1004 in the process 
shown in Figure 12. 
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5 Figure 16A shows another example of eight 

neighborhoods around the current bit D(x,y) in the bit 
map defined by units of a pixel. 

Figure 16B shows sub-pixels defined as sub-pixels 
10 for the basic portion based on the basic portion 
definition rule when the eight neighborhood bits around 
the bit D(x,y) have values shown in Figure 16A. The basic 
portion definition rule represented by Figures 16A 
and 16B can be represented by using the following logical 
15 expressions (4): 



when N(-1,0)*N(1,0)=1, 

C(3x,y)=l, C(3x+l,y)=l, C(3x+2,y)=l ...(4). 



20 Figure 17A shows still another example of eight 

neighborhoods around the current bit D(x,y) in the bit 
map defined by units of a pixel. 



Figure 17B shows sub-pixels defined as sub-pixels 
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for the basic portion based on the basic portion 
definition rule when the eight neighborhood bits around 
the bit D(x, y ) have values shown in Figure 17A. The basic 
portion definition rule represented by Figures 17A 
and 17B can be represented by using the following logical 
expressions ( 5 ) : 

when N(0,-1)*!N(-1,0)*!N(1,0)*N(0,1)=1 # 

C(3x,y)=0, C(3x+l,y)=l, C(3x+2,y)=0 ...(5). 

The above basic portion definition rule is applied 
to each of the eight neighborhood bits around the current 
bit D(x,y) so as to select "1" or "0 M for the bit, whereby 
a basic portion of a character to be italicized is defined 
by units of a sub-pixel. 

In this way, basic portion data which defines a 
basic portion of a character by units of a sub-pixel is 
generated. 

Figure 18 shows all "l"/ w 0" arrangement patterns 
of the eight neighborhood bits around the current 
bit D(x,y). Each box shown in Figure 18 includes the 
current bit D(x,y) and the eight neighborhood bits 
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therearound. Each box is divided into nine regions. 
Each black region corresponds to a bit having a value of 
"1" , and each white region corresponds to a bit having 
a value of "0". Figure 18 shows 256 boxes. This is 
because each neighborhood bit has a value of "1" or "0" # 
and accordingly , the number of the u l n / n 0" arrangement 
patterns results in 2 8 =256 patterns. However, the number 
of basic portion definition rules is not necessarily 
required to be the same as the number of the "l"/"0" 
arrangement patterns, i.e., 256. As previously 
described, in Figures 15A, 16A, and 17A, bits indicated 
by "jSS" each have any value of "0" and "1" and are not 
considered in the basic portion definition rule. Since 
the basic portion definition rule includes bits which are 
not considered therein, one basic portion definition rule 
can cover a plurality of " 1" /" 0" arrangement patterns 
among those shown in Figure 18. For example, the basic 
portion definition rule represented by Figures 15A 
and 15B covers the "l"/"0" arrangement patterns shown in 
the boxes 1701, 1702, 1703, and 1704 of Figure 18. Thus, 
when the basic portion definition rule includes a bit 
which takes any value of "1" or "0", the number of the 
basic portion definition rules required for the present 
invention can be reduced. 
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The basic portion definition rule may be described 
in the form of a group of logical expressions as described 
above or in the form of table data. 

By applying the above basic portion definition 
rule to the bit map which defines the character "H" by 
units of a pixel (previously described with reference to 
Figure 42A) , the basic portion data shown in Figure 4 can 
be generated. Similarly, by applying the above basic 
portion definition rule to the bit maps which define the 
character "A" by units of a pixel (previously described 
with reference to Figures 43A and 44A) , the basic portion 
data shown in Figures 5 and 6 can be generated, 
respectively. 

By using the method described above with reference 
to Figures 12 through 18 where basic portion data is 
generated from a bit map defined by units of a pixel, an 
italic character can be displayed with high quality based 
on dot fonts which are widely used in the applications 
of a computer, a portable phone, etc. The dot fonts are 
bit maps defined by units of a pixel, each of which defines 
the shape of a character by units of a pixel. Thus, the 
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method described with reference to Figures 12 through 18 
can be applied to the dot fonts. 

The basic portion definition rule is not limited 
to the above example. As the basic portion definition 
rule, any rule based on which a bit map (basic portion 
data) for defining a basic portion of a character by units 
of a sub-pixel is generated from a bit map defined by units 
of a pixel can be adopted. For example, according to one 
of the possible rules, "if the bit D(x,y) is 1, the 
sub-pixels are set such that C(3x,y)=l, C(3x+l,y)=l, 
C(3x+2,y)=l, regardless of the values of the eight 
neighborhood bits around the current bit D(x,y)" . The 
basic portion rule is selected among the various possible 
definition rules according to which portion of a character 
is required when the character is displayed on the display 
device . 

Next, method (2) for generating basic portion 
data from character contour information which represents 
the outline of a character is described with reference 
to Figures 19 through 21. 

Figure 19 illustrates a structure of character 
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outline information . 

The character outline information 2042a includes 
a character code 301 for identifying the character, 
data 302 indicating the number of strokes included in the 
character, and stroke information 303 for each stroke. 

The stroke information 303 for each stroke 
includes a stroke code 304 for identifying the stroke, 
data 305 indicating the number of outline points included 
in the stroke, and a pointer 306 to outline points 
coordinate data 308 which indicates the coordinates of 
the outline points included in the stroke. The 
pointer 306 indicates the location in the auxiliary 
storage apparatus 40 where the outline points coordinate 
data 308 is stored. By referencing the stroke 
information 303, the coordinates of each of the outline 
points included in the stroke can be obtained. It is 
assumed herein that in the outline points coordinate 
data 308, the coordinates of the outline points included 
in the stroke are arranged in the counterclockwise 
direction. 

The number of the stroke information 303 is equal 
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to the number of strokes 302. Therefore, when the number 
of strokes 302 is N (N is an integer equal to or greater 
than 1 ) , the character outline information 2042a includes 
N stroke information 303 respectively corresponding to 
5 stroke code 1 to stroke code N. 

Methods for approximating the outline of a 
character include, for example: (i) a method for 
approximating the outline of the character with straight 
10 lines; (ii) a method for approximating the outline of the 
character with a combination of straight lines and arcs; 
and (iii) a method for approximating the outline of the 
character with a combination of straight lines and curves 
(e.g., spline curves). 

15 

The character outline information 2042a may 
include as the outline points coordinate data 308 
coordinates of a plurality of outline points which are 
obtained by any of the above methods (i)-(iii). In view 
20 of the quality of the character display and the data 
capacity, the character outline information 2042a 
preferably includes the outline points coordinate 
data 308 obtained based on method (iii). 
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Figure 20 illustrates a procedure for generating 
basic portion data from character outline information. 
This processing is executed by the CPU 21 during the 
processing at step S102 (Figure 7). Each step in the 
procedure for generating basic portion data from 
character outline information will now be described* 

Step S2001: The character outline 

information 2042a for the character corresponding to the 
character code of the character which has been input at 
step S101 (Figure 7 ) is stored in the main memory 22. The 
character outline information 2042a is included in the 
character data 42a stored in the auxiliary storage 
apparatus 40. 

Step S2002: Based on the outline points 
coordinate data 308 for one of the strokes included in 
the character outline information 2042a, the ideal 
outline of the character is calculated. The ideal outline 
of the character is approximated with straight lines or 
curves according to a known method. 

Step S2003: The ideal outline of the character 
calculated at step S202 is scaled according to the 
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character size input at step S101 (Figure 7). This 
scaling operation converts the predetermined coordinate 
system for the outline points coordinate data 308 into 
the coordinate system for the display device 10. 

5 

Step S2004: The basic portion of the character is 
detected according to the area over which the inside of 
the ideal outline of the character which has been scaled 
at step S2003 overlaps sub-pixels of the display 

10 device 10. For example, when the area over which the 
inside of the ideal outline of the scaled character 
overlaps a sub-pixel of the display device 10 is equal 
to or greater than a predetermined reference area, the 
sub-pixel is defined as corresponding to the basic portion 

15 of the character. The value of the predetermined 
reference area may be a fixed value or a variable value 
which may be varied according to an input from the input 
device 30. 

20 Step S2005: It is determined whether 

steps S2002-S2004 have been performed for all of the 
strokes included in the character. If the determination 
at step S2005 is "No", the process returns to step S2002. 
If the determination at step S2005 is "Yes", the process 
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terminates . 

Through the process illustrated in Figure 20, the 
basic portion of the character to be italicized is defined 
5 by units of a sub-pixel, whereby basic portion data for 
defining the basic portion of the character by units of 
a sub -pixel is generated. 

Iial 

.p Figure 21 illustrates font data of a Japanese 

= r= 10 character " V* " which is designed based on the basic portion 

ry of the character M ^ " with the ideal outline of the 

« character "V*" being superimposed thereon. In Figure 21, 

il 

r% each hatched box indicates a dot corresponding to the 

basic portion of the character. 

is 

Next, method (3) for generating basic portion data 
from skeleton data which represents a skeleton shape of 
a character is described with reference to Figures 22 
through 25. 

20 

Figure 22 shows a structure of skeleton 
data 3042d. 



The skeleton data 3042d represents the skeleton 
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shape of a character. The skeleton data 3042d includes 
a character code 2301 for identifying the character, 
data 2302 indicating the number M of strokes included in 
the character (M is an integer equal to or greater than 1) , 
and stroke information 2303 for each stroke. 

The stroke information 2303 for each stroke 
includes a stroke number 2304 for identifying the stroke, 
data 2305 indicating the number N of points included in 
the stroke (N is an integer equal to or greater than 1), 
a line type 2306 indicating the line type of the stroke, 
and a plurality of coordinate data 2307 respectively 
indicating the coordinates of the plurality of points 
included in the stroke. Since the number of coordinate 
data 2307 is equal to the number of points 2305, a number 
N of coordinate data sets are stored for each stroke. 

Since the number of stroke information 2303 is 
equal to the number of strokes 2302, the skeleton 
data 3042d includes a number M of stroke information 2303 
for stroke code No. 1 to stroke code No. M. 

The line type 2306 may include, for example, a 
line type "straight line" and a line type "curve". When 
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the line type 2306 is "straight line", the plurality of 
points included in the stroke are approximated with a 
straight line. When the line type 2306 is "curve", the 
points included in the stroke are approximated with a 
5 curve (e.g., a spline curve). 

Figure 23 illustrates an example of the skeleton 
q data 3042d representing the skeleton shape of a Chinese 

j- character M ^ M . The skeleton data 3042d representing the 

1= 10 skeleton shape of the Chinese character ">fC" includes four 

f{J strokes, i.e., stroke #1 to stroke #4 respectively 

:„ corresponding to stroke code 1 to stroke code 4. 

h 

^1 Stroke #1 is defined as a straight line between 

*«:? 

riJ 15 a starting point (0, 192) and an end point (255, 192) • 

Stroke #2 is defined as a straight line between a starting 
point (128, 255) and an end point (128, 0). Stroke #3 
is obtained by approximating five points (121, 192), (97, 
141) , (72, 103) , (41, 69) , (4, 42) with a curve. Stroke #4 
20 is obtained by approximating five points (135, 192), (156, 
146), (182, 107), (213, 72), (251, 42) with a curve. 



Figure 24 illustrates an example of the skeleton 
data 3042d representing the skeleton shape of the Chinese 
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character n ^ w as shown on a coordinate plane. In the 
example illustrated in Figure 24 , stroke #3 and stroke #4 
are approximated with straight lines for the sake of 
simplicity. 

Figure 25 illustrates a procedure for generating 
basic portion data from skeleton data. This procedure 
is executed by the CPU 21 during the processing performed 
at step S102 (Figure 7). Each step in the procedure for 
generating basic portion data from skeleton data will now 
be described. 

Step S3001: The skeleton data 3042d for the 
character corresponding to the character code of a 
character input at step S101 (Figure 7) is stored in the 
main memory 22. The skeleton data 3042d is included in 
the character data 42a stored in the auxiliary storage 
apparatus 40 . 

Step S3002: The coordinate data 2307 of the 
skeleton data 3042d is scaled according to the character 
size input at step S101 (Figure 7). The scaling 
operation converts the predetermined coordinate system 
for the coordinate data 2307 of the skeleton data 3042d 
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into the actual pixel coordinate system for the display 
device 10* 

Step S3003: Data (stroke information 2303) for 
one stroke is retrieved from the skeleton data 3042a. 

Step S3004: It is determined whether the stroke 
is a straight line based on the data (stroke 
information 2303) for the stroke which has been retrieved 
in Step S3003. Such a determination is done by 
referencing the line type 2306 included in the stroke 
information 2303. If the determination of step S3004 is 
"Yes", the process proceeds to step S3005. If the 
determination of step S3004 is "No", the process proceeds 
to step S3006. 

Step S3005: The points defined by the scaled 
coordinate data 2307 are connected together with a 
straight line. The sub-pixels arranged along the 
straight line are defined as corresponding to the basic 
portion of the character. 

Step S3006: The points defined by the scaled 
coordinate data 2307 are approximated with a curve. The 
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curve may be, for example, a spline curve. The sub-pixels 
arranged along the curve are defined as corresponding to 
the basic portion of the character. 

Step S3007: It is determined whether 
steps S3002-S3006 have been performed for all of the 
strokes included in the character. If "No" at Step S3007, 
the process returns to step S3002. If "Yes" at Step S3007, 
the process terminates. 

Through the process illustrated in Figure 25, the 
basic portion of the character to be italicized is defined 
by units of a sub-pixel, whereby basic portion data for 
defining the basic portion of the character by units of 
a sub-pixel is generated. 

As described above, as a method for acquiring 
basic portion data, (1) a method for generating basic 
portion data from a bit map defined by units of a pixel; 
(2) a method for generating basic portion data from 
character outline information which represents the 
outline of a character; or (3) a method for generating 
basic portion data from stroke data which represents 
stroke information of a character can be employed as well 
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as the method for reading data from the auxiliary storage 
apparatus 40. 

The method for acquiring the basic portion data 
5 is selected according to how the character data 42a 
defines the shape of a character. 

Each of the above acquisition methods may be used 
solely. Alternatively, a combination of the acquisition 
10 methods may be used. In a possible example, if the basic 
portion data of a character is stored in the auxiliary 
storage apparatus 40 as a portion of the character 
l3 data 42a, the basic portion data of the character is 

C3 acquired by reading from the auxiliary storage 

fU 

15 apparatus 40. If the basic portion data of a character 
is not stored in the auxiliary storage apparatus 40, the 
basic portion data of the character is acquired by using 
any of the above methods ( 1 ) to ( 3 ) . 



ru 



20 ( Embodiment 2 ) 

In embodiment 1, the brightness level of sub- 
pixels corresponding to a basic portion of a deformed 
character is set to a predetermined brightness level (e.g. , 
brightness level 0, i.e., "off"), and the brightness 
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level of the other sub-pixels Is set to a default 
brightness level (e.g. , brightness level 255 , i.e. , "on" ) . 
In such a display method, high contrast is generated 
between a sub-pixel corresponding to the basic portion 
and a sub-pixel adjacent thereto and not corresponding 
to the basic portion. As a result, "color noise" is 
observed by the human eye. In particular, colors other 
than black can be observed in the italic character by the 
human eye . 

In embodiment 2, in order to prevent generation 
of color noise, the brightness level of the sub-pixels 
is controlled not between "on" and "off" , but in a stepwise 
manner over a plurality of brightness levels. 

Thus, the present invention independently 
controls, in a stepwise fashion, a plurality of color 
elements (R, G, B) which respectively correspond to the 
sub-pixels 14R, 14G and 14B included in one pixel 12. In 
this way, a character can be displayed in a virtual black 
color with high definition. The term "virtual black 
color" as used herein refers to a color which is not black 
in a chromatically strict sense but which can be observed 
by the human eye to be black. 
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Figure 26 shows a structure of a character display 
apparatus lb according to embodiment 2 of the present 
invention. In Figure 26, like elements are indicated by 
like reference numerals used in Figure 3, and detailed 
descriptions thereof are omitted. 

The auxiliary storage apparatus 40 stores an 
italic character display program 41b and data 42 which 
is required to execute the italic character display 
program 41b. The data 42 includes character data 42a, 
a correction table 42b, and a brightness table 42o. As 
the auxiliary storage apparatus 40, any type of storage 
apparatus can be used so long as it can store the italic 
character display program 41b and data 42. 

Figure 27 shows a brightness table 92 which is an 
example of the brightness table 42c stored in the 
auxiliary storage apparatus 40. 

The brightness table 92 is previously stored in 
the auxiliary storage apparatus 40, whereby the color 
element level of sub -pixels can be readily converted. In 
the brightness table 92, the eight color element levels 
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(color element level 7 through color element level 0) are 
assigned over the range of brightness levels of 0 to 255 
at substantially regular intervals. 

Figure 28 illustrates a correction table 90 as an 
example of the correction table 42b stored in the 
auxiliary storage apparatus 40. The correction table 90 
defines a correction pattern. The correction pattern 
indicates that the color element levels of sub-pixels 
arranged in the right- or left-hand side (X or - 
X direction) vicinity of a sub-pixel corresponding to the 
basic portion of the italic character are set to "5", "2" 
and " 1" in this order from the sub-pixel closest to the 
basic portion of the italic character to the farthest one 
from the basic portion of the italic character. Thus, 
the correction pattern is used to set the color element 
level of each sub-pixel which is arranged in the vicinity 
of a sub-pixel corresponding to the basic portion of the 
italic character. 

Figure 29 illustrates a procedure for processing 
the italic character display program 41b. The italic 
character display program 41b is executed by the CPU 21. 
In Figure 29, the same steps are indicated by like 
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reference numerals used for the steps in the procedure 
shown in Figure 7 , and detailed descriptions thereof are 
omitted. The additional steps in the procedure for 
processing the display program 41b will now be described. 

Step S151: The color element level of the sub- 
pixel corresponding to the basic portion of the italic 
character is set to the maximum color element level. For 
example, where the color element level of a sub-pixel is 
represented through eight levels, i.e., level 7 to 
level 0, the color element level of the sub -pixel 
corresponding to the basic portion of the italic character 
is set to level 7. 

Step S152: The color element level of each 
sub-pixel arranged in the vicinity of the sub-pixel 
corresponding to the basic portion of the italic character 
is set according to the correction table 42b to one of 
seven levels, i.e., level 6 to level 0. 

The color element level of a sub-pixel which does 
not correspond to the basic portion of the italic 
character and which is not positioned in the vicinity of 
a sub-pixel corresponding to the basic portion of the 
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italic character is set to a default color element level 
(e.g., brightness level 0). 

Step SI 53: The color element level of each 
sub-pixel is converted to a brightness level. Such a 
conversion is performed by using, for example, the 
brightness table 42o stored in the auxiliary storage 
apparatus 40 . 

Figure 30 shows a setting example of the color 
element level of sub-pixels corresponding to a basic 
portion of an italic character "A" . In the example 
illustrated in Figure 30, the color element level of 
sub-pixels corresponding to the basic portion of the 
italic character "A" is set to the color element level 7. 
Such processing for setting the color element level of 
the sub-pixels is performed at step S151 in the procedure 
shown in Figure 29. The basic portion of the italic 
character is shown in Figure 10. 

Figure 31 shows a setting example of the color 
element level of sub-pixels in the vicinity of the 
sub-pixels corresponding to a basic portion of the italic 
character "A". In the example illustrated in Figure 31, 
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the color element levels of sub-pixels arranged in the 
vicinity of a sub-pixel corresponding to the basic portion 
of the italic character "A" are set to tt 5 w , "2" and T 
in this order from the sub-pixel closest to the basic 
portion of the italic character to the farthest one from 
the basic portion of the italic character. Such 
processing for setting the color element level of the 
sub-pixels is performed at step S152 in the procedure 
shown in Figure 29. In the examples illustrated in 
Figures 30 and 31, the italicized basic portion data 
shown in Figure 10 is used as the basic portion data. 

Figure 32 shows an example of the color element 
level arrangement of sub-pixels corresponding to a basic 
portion of an italic character M H" and sub-pixels arranged 
in the vicinity of the sub-pixels corresponding to the 
basic portion of the italic character "H" . In the example 
illustrated in Figure 32, the italicized basic portion 
data shown in Figure 9 is used as the basic portion data. 

Figure 33 shows an example of the color element 
level arrangement of sub-pixels corresponding to a basic 
portion of an italic character "A" and sub-pixels arranged 
in the vicinity of the sub-pixels corresponding to the 
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basic portion of the italic character "A" . In the example 
illustrated in Figure 33, the italicized basic portion 
data shown in Figure 11 is used as the basic portion data. 

In the examples illustrated in Figures 31 
through 33, the correction pattern defined in the 
correction table 90 is used to set the color element level 
of sub-pixels in the vicinity of the sub-pixels 
corresponding to the basic portion of the italic character. 
According to the correction pattern defined by the 
correction table 90, the color element levels of sub- 
pixels arranged in the horizontal vicinity of a sub-pixel 
corresponding to the basic portion of the italic character 
are set to M 5" , "2" and "1" in this order from the sub-pixel 
closest to the basic portion of the italic character to 
the farthest one from the basic portion of the italic 
character. In place of such a setting method, the color 
element levels of sub-pixels horizontally adjacent to a 
sub-pixel corresponding to the basic portion of the italic 
character may be set while considering whether sub-pixels 
vertically adjacent to the sub-pixel corresponding to the 
basic portion of the italic character correspond to the 
basic portion of the italic character. 



- 75 - 



01R00505 



Figure 34 shows a correction table 94 as another 
example of the correction table 4 2b stored in the 
auxiliary storage apparatus 40. The correction table 94 
defines correction patterns 1 and 2. The color element 
levels of sub-pixels horizontally adjacent to a sub-pixel 
corresponding to the basic portion of the italic character 
may be set by using the correction table 94 while 
considering whether sub-pixels vertically adjacent to the 
sub-pixel corresponding to the basic portion of the italic 
character correspond to the basic portion of the italic 
character. 

How to selectively use correction pattern 1 and 
correction pattern 2 is described with reference to 
Figures 35A, 35B, 36A and 36B. 

Figures 35A and 35B illustrate how to determine 
the color element level for sub-pixels arranged adjacent 
to the left side of a sub-pixel which corresponds to the 
basic portion of the italic character. 

Referring to Figures 35A and 35B, the sub-pixel A 
corresponding to the basic portion of the italic character 
is assumed to be a reference sub-pixel, the sub-pixel 
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located on the left lower side of the current sub-pixel A 
is assumed to be a sub-pixel B, and the sub-pixel located 
on the left upper side of the reference sub-pixel A is 
assumed to be a sub-pixel C. 

When at least one of the sub-pixel B and the 
sub-pixel C corresponds to the basic portion of the 
character , the color element level of the sub-pixel 
adjacent to the left side of the sub-pixel A is determined 
according to the correction pattern 2 of the correction 
table 94 (Figure 34). This corresponds to the case 
illustrated in Figure 35A. The correction pattern 2 is 
a pattern: "6", "3" , "1". Therefore, the color element 
levels of the three sub-pixels adjacent to the left side 
of the sub-pixel A are set to "6", "3" and "1" in this 
order, respectively, from the sub-pixel closest to the 
sub-pixel A to the farthest one from the sub-pixel A. 

When neither sub-pixel B nor sub-pixel C 
corresponds to the basic portion of the italic character, 
the color element levels of the three sub-pixels adjacent 
to the left side of the sub-pixel A are determined 
according to the correction pattern 1 of the correction 
table 94. This corresponds to the case illustrated in 
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Figure 35B. The correction pattern 1 is a pattern: "5", 
"2", "1". Therefore, the color element levels of the 
three sub-pixels adjacent to the left side of the 
sub-pixel A are set to "5", "2" and "1" in this order, 
respectively, from the sub-pixel closest to the sub- 
pixel A to the farthest one from the sub-pixel A. 

Figures 36A and 36B illustrate how to determine 
the color element level for sub-pixels arranged adjacent 
to the right side of a sub-pixel which corresponds to the 
basic portion of the character. 

Referring to Figures 36A and 36B, the sub-pixel A 
corresponding to the basic portion of the italic character 
is assumed to be a current sub-pixel, the sub-pixel 
located on the right lower side of the reference sub- 
pixel A is assumed to be a sub-pixel D, and the sub-pixel 
located on the right upper side of the reference sub- 
pixel A is assumed to be a sub-pixel E. 

When at least one of the sub-pixel D and the 
sub-pixel E corresponds to the basic portion of the italic 
character, the color element level of the sub-pixel 
adjacent to the right side of the sub-pixel A is 
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determined according to the correction pattern 2 of the 
correction table 94 (Figure 34). This corresponds to 
the case illustrated in Figure 36A. The correction 
pattern 2 is a pattern: "6", "3", "1". Therefore, the 
color element levels of the three sub-pixels adjacent to 
the right side of the sub-pixel A are set to "6", "3" and 
"1" in this order, respectively, from the sub-pixel 
closest to the sub-pixel A to the farthest one from the 
sub-pixel A. 

When neither sub-pixel D nor sub-pixel E 
corresponds to the basic portion of the italic character, 
the color element levels of the three sub-pixels adjacent 
to the right side of the sub-pixel A are determined 
according to the correction pattern 1 of the correction 
table 94. This corresponds to the case illustrated in 
Figure 36B. The correction pattern 1 is a pattern: "5", 
,, 2" , "1". Therefore, the color element levels of the 
three sub-pixels adjacent to the right side of the 
sub-pixel A are set to "5", "2" and "1" in this order, 
respectively, from the sub-pixel closest to the sub- 
pixel A to the farthest one from the sub-pixel A. 



The correction table 94 shown in Figure 34 is 




preferably used especially in a process for setting the 
color element levels of sub-pixels in the vicinity of a 
sub-pixel corresponding to the basic portion of the italic 
character. This is because jaggedness which may be 
generated in the basic portion of the italic character 
can be made less conspicuous to the human eye. 

The principle that use of the correction table 94 
can render jaggedness, which may be generated in the basic 
portion of the italic character, less conspicuous to the 
human eye is described below with reference to Figures 37A 
through 37C. 

Figure 37A shows a portion of a basic portion of 
a character. In Figure 37A, each hatched box represents 
a sub-pixel which corresponds to the basic portion of the 
character. 

Figure 37B shows a portion of a basic portion of 
an italic character which is obtained by deforming the 
basic portion of the character shown in Figure 37A by 
italicization processing. In Figure 37B, hatched 
boxes 371-374 represent sub-pixels corresponding to the 
basic portion of the italic character. In this 
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italicization processing, the character slant is set to 
1/6. In Figure 37B, the hatched boxes (sub- 

pixels) 371-374 are arranged in a zigzag manner. That 
is, jaggedness is generated in the basic portion of the 
italic character. 

Figure 37C shows an color level setting where the 
color element level of sub-pixels corresponding to the 
basic portion of the italic character shown in Figure 37B 
is set to level 7 , and the color element level of 
sub-pixels present in the vicinity of the sub-pixels 
corresponding to the basic portion is set based on the 
correction table 94 (Figure 34). As shown in Figure 37C, 
the color element levels of the right-side (+X direction) 
neighborhood and the left-side ( -X direction) 
neighborhood of each of sub-pixels 371-374 are set based 
on different correction patterns. Points 1371-1374 
indicate apparent centers of the sub-pixels 371-374. 
"Apparent center" refers to a point observed by the human 
eye as a center of a sub-pixel corresponding to the basic 
portion of the italic character due to a visual effect 
which may be provided by the sub-pixel corresponding to 
the basic portion of the italic character and sub-pixels 
horizontally adjacent thereto. The points 1371-1374 are 
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observed as being arranged in a line , not in a zigzag manner . 
As a result, jaggedness which may be generated in the basic 
portion of the italic character can be made less 
conspicuous to the human eye. Thus, the italic character 
can be displayed on the display device with high quality. 

In general, an italic character includes many 
oblique lines. Especially when a character includes 
vertical lines as components thereof, all of such vertical 
lines are converted to oblique lines by italicization 
processing. Jaggedness which may be generated in such 
oblique lines can be made less conspicuous to the human 
eye by using an appropriate correction pattern. Thus, 
it is preferable to use a correction pattern in order to 
display an italic character with high quality. 

Figure 38 shows italicized basic portion data 
obtained by performing the italicization processing of 
the present invention on the basic portion data shown in 
Figure 4. In the example illustrated in Figure 38, the 
character slant is set to 1/6. As shown in Figure 38, 
jaggedness is generated in a basic portion of an italic 
character "H" (e.g., portion 3800). 
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Figure 39 shows an example of the color element 
level arrangement of sub-pixels corresponding to the 
basic portion of the italic character and sub-pixels 
present in the vicinity of the sub-pixels corresponding 
to the basic portion of the italic character, which is 
determined based on the italicized basic portion data 
shown in Figure 38. The determination of the color 
element level of sub-pixels corresponding to the basic 
portion of the italic character and sub-pixels present 
in the vicinity of the sub-pixels corresponding to the 
basic portion of the italic character is achieved by using 
the correction table 94. By determining the color 
element levels as shown in Figure 39, jaggedness which 
may be generated in the basic portion of the italic 
character can be made less conspicuous to the human eye. 

For example, in the case where the number of 
sub-pixels included in the sub-pixel 12 is 3, and the 
character slant is set to 1/3, jaggedness generated in 
an oblique line of an italic version which corresponds 
to a vertical line of the character is less conspicuous 
to the human eye. In the example illustrated in Figure 9, 
jaggedness is less conspicuous in a portion 489. This 
is because, when the character slant is set to 1/3, in 
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the italicization processing, the shift amount for each 
of the dots which form a basic portion data is increased 
by 1 dot every time the distance between the reference 
line (e.g. , reference line 411 shown in Figure 4) and the 
dot is increased by 1 dot. Thus, vertically-aligned dots 
included in basic portion data of a character (which 
correspond to a vertical line of the character) are 
arranged in a line in italicized basic portion data. 

In this way, the italicization processing is 
performed such that the shift amount for each of the dots 
which form basic portion data is increased by 1 dot every 
time the distance between the reference line and the dot 
is increased by 1 dot. With such an arrangement, a 
character including many vertical lines as components 
thereof can be converted into an italic version with high 
quality. Since such italicization processing can make 
jaggedness which may be generated in the basic portion 
of the italic character less conspicuous to the human eye, 
an italic character can be displayed with high quality 
even in the character display apparatus la according to 
embodiment 1 where only a basic portion of an italic 
character is displayed. 
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Selection between the two correction patterns 
(correction patterns 1 and 2) defined by the correction 
table 94 (Figure 34) is not limited to the above example 
illustrated with reference to Figures 35A, 35B, 36A 
and 36B. For example, in an alternative selection method, 
if a sub-pixel corresponding to a basic portion of an 
italic character is in an odd-numbered line (counted from 
the bottom of the italic character in italicized basic 
portion data), the color element levels of the right- 
side neighborhood sub-pixels are determined based on 
correction pattern 1, and the color element levels of the 
left -side neighborhood sub-pixels are determined based 
on correction pattern 2. If a sub-pixel corresponding 
to a basic portion of an italic character is in an 
even-numbered line (counted from the bottom of the italic 
character in italicized basic portion data), the color 
element levels of the right-side neighborhood sub-pixels 
are determined based on correction pattern 2, and the 
color element levels of the left -side neighborhood 
sub-pixels are determined based on correction pattern 1. 
Even with this selection method, the same effect as that 
obtained with the color element level arrangement of the 
sub-pixels shown in Figure 39 can be obtained. 
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The correction table 94 shown in Figure 34 
defines two correction patterns. However, the number of 
correction patterns defined by the correction table is 
not limited to 2. The correction table can define any 
number of correction patterns. 

Figure 40 shows another example of the color 
element level arrangement of sub-pixels present in the 
vicinity of the sub-pixels corresponding to the basic 
portion of the italic character. In Figure 40 , a number 
shown in each box corresponding to a sub-pixel indicates 
the color element level of the sub-pixel. A sub-pixel 
labeled with "7" is a sub-pixel corresponding to a basic 
portion of an italic character and has color element 
level 7. The color element levels for sub-pixels 
arranged adjacent to the left side of a sub-pixel 2821 
are set to "5" , M 2" and "1" in this order from the sub-pixel 
closest to the basic portion of the italic character to 
the farthest one from the basic portion of the italic 
character. The color element levels for sub-pixels 
arranged adjacent to the right side of the sub-pixel 2821 
are also set to U 5 U , u 2" and "1" in this order from the 
sub-pixel closest to the basic portion of the italic 
character to the farthest one from the basic portion of 
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the italic character. A correction pattern for setting 
the color element levels of the sub-pixels to such a 
pattern of levels is referred to as a correction 
pattern (5,2,1) by way of explanation. 

The color element levels for sub-pixels arranged 
adjacent to the left side of the sub-pixel 2822 are set 
based on a correction pattern (5,3,2,1). The color 
element levels for sub-pixels arranged adjacent to the 
right side of the sub-pixel 2822 are set based on a 
correction pattern (4,2,1) . 

The color element levels for sub-pixels arranged 
adjacent to the left side of the sub-pixel 2823 are set 
based on the correction pattern (4,2,1). The color 
element levels for sub-pixels arranged adjacent to the 
right side of the sub-pixel 2823 are set based on the 
correction pattern (5,3,2,1). 

The color element levels for sub-pixels arranged 
adjacent to the left side of the sub-pixel 2824 are set 
based on a correction pattern (5,2,1) . The color element 
levels for sub-pixels arranged adjacent to the right side 
of the sub-pixel 2824 are set based on the correction 
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pattern (5,2,1) . 

In the example Illustrated in Figure 40, the color 
element levels of sub-pixels in the vicinity of a basic 
portion of an italic character are set by selectively 
using the three types of correction patterns. By 
selectively using correction patterns according to the 
slant of a line included in an italic character, 
jaggedness which may be generated in the basic portion 
of the italic character can be made less conspicuous to 
the human eye. As a result, the italic character can be 
displayed with high quality. 

The width of a line (stroke) of an italic character 
may be changed by selectively using a plurality of 
correction patterns. 

The function of the character display 
apparatuses la and lb according to embodiments 1 and 2 
of the present invention is not limited to displaying of 
an italic character. The character display 

apparatuses la and lb may have a function of displaying 
a non-italic character on the display device 10 according 
to a known technique, as well as the function of displaying 
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an italic character on the display device 10 according 
to the above-described italic character display principle 
of the present invention. 

The italic character display principle of the 
present invention is applicable in displaying characters 
used in any language. For example , the italic character 
display principle of the present invention is applicable 
to displaying Chinese characters, the Hangul (Korean) 
alphabet, the Russian language alphabet, etc. 

In the above-described embodiments, the 
brightness of a sub-pixel is controlled according to the 
color element level (e.g. , level 7 to level 0) associated 
therewith. That is, the brightness of a sub-pixel is used 
as a factor which indicates the intensity of the color 
element of the sub-pixel. Instead of controlling the 
brightness of a sub-pixel, it is alternatively possible 
to control one of the chroma, lightness, purity, and the 
like, associated with the color element. In such a case, 
instead of using the standard brightness table 92 
illustrated in Figure 27, the one of a chroma table 
indicating the relationship between the color element 
level and the chroma level of a sub-pixel, a lightness 
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table indicating the relationship between the color 
element level and the lightness level of a sub-pixel, and 
a purity table indicating the relationship between the 
color element level and the purity level of a sub-pixel 
can be used. It is also within the scope of the present 
invention to control a combination of two or more 
parameters (e.g., the brightness, chroma, lightness, 
purity) associated with each color element according to 
the color element level (e.g. , level 7 to level 0) of the 
sub-pixel. 

According to the present invention, a character 
display apparatus and a character display method capable 
of displaying italic characters with high quality on a 
color display device, and a recording medium for use 
therewith can be provided. 

According to the present invention, a bit map 
(basic portion data) which represents a basic portion of 
a character is acquired, and conversion ( italicization 
processing) is performed on the bit map so as to acquire 
a bit map which represents a basic portion of an italic 
version of the character. Dots which form the basic 
portion data of the italic character correspond to 
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sub-pixels of a display device in a one-to-one manner. 
The italicization processing itself is achieved with high 
definition. Thus, the italic character can be displayed 
with high quality. 

According to the present invention, the color 
element level of at least one specific sub-pixel 
corresponding to a basic portion of an italic character 
is set to a predetermined color element level, and the 
color element level of at least one sub-pixel adjacent 
to the at least one specific sub-pixel corresponding to 
the basic portion of the italic character is appropriately 
controlled. In this way, colors of the italic character 
other than black can be made less conspicuous to the human 
eye, and accordingly, jaggedness which may be generated 
in the basic portion of the italic character can be made 
less conspicuous to the human eye. 

Various other modifications will be apparent to 
and can be readily made by those skilled in the art without 
departing from the scope and spirit of this invention. 
Accordingly, it is not intended that the scope of the 
claims appended hereto be limited to the description as 
set forth herein, but rather that the claims be broadly 
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construed. 
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